A 28-year-old female in Denver was found in early 1974 to have frontal sinusitis, osteomyelitis, and bacteremia due to Haemophilus influenzae, type B. The minimal inhibitory concentration of ampicillin for this organism was 100 ,ug/ml and the minimal bactericidal concentration was >100 ,zg/ml. It was inhibited by chloramphenicol at 0.4 gg/ml. Further studies demonstrated that ampicillin and methicillin were synergistic against this organism. It was shown to produce a diffusible beta-lactamase. Transferase of resistance from this organism to a susceptible Haemophilus parainfluenzae and a reciprocal transfer were accomplished. A test for transformation was negative as was a test for reversal of resistance by ethylenediaminetetraacetic acid.
The increase of R factors conferring resistance to particular drugs has always paralleled the extensive use of the corresponding antibiotic. Since its availability in 1963, ampicillin has been widely used as the drug of choice in the treatment of Haemophilus influenzae type B infections. If one accepts the reasonable supposition that the R factors best equipped to survive in a given bacterial host will emerge in the long term, the appearance of ampicillinresistant H. influenzae type B was not an unlikely phenomenon.
The purpose of this study was to characterize the first such strain encountered in the Denver area.
CASE REPORT On 6 March 1974, a 32-year-old white female with known Hodgkin's disease was admitted to a Denver hospital with evidence of acute sinusitis involving the maxillary and frontal sinuses. A trephine procedure and irrigation were carried out on the frontal sinus. She was treated with decongestants and oral penicillin for 4 days. Because of her lack ofresponse, high-dose intravenous penicillin was instituted for 4 more days, but again, she did not respond well, and intravenous chloramphenicol was added on day 8 of therapy. She did well thereafter, and was discharged 21 days later on 29 March. She returned to the hospital 48 h later with shaking chills, fever, and physical findings suggesting an acute frontal sinusitis. Skull films revealed acute osteomyelitis of the frontal bone. Cultures of the nose, sinus drainage, and three blood cultures all grew H. influenzae type B.
She was treated with intravenous penicillin and chloramphenicol for 2 weeks and made an uneventful recovery.
The strain of H. influenzae type B recovered from her blood forms the subject of this report.
MATERIALS AND METHODS
Bacterial strain. The strain isolated from this patient was identified as H. influenzae type B based on its requirement for both hematin (X factor) and nicotinamide adenine dinucleotide (V factor). It was not hemolytic, and agglutinated strongly in H. influenzae type B antisera in slide agglutination tests.
Antimicrobial susceptibility tests. Preliminary antimicrobial susceptibility tests were carried out by the method of Bauer et al. (2) . An 18-h culture in Fildes broth was diluted to half the density of a McFarland no. 1 standard and plated on chocolatized Mueller-Hinton agar containing 5% sheep blood.
Minimal inhibitory concentrations (MICs) for selected drugs were determined by the microtiter method. Serial twofold antibiotic dilutions were made in Fildes broth, and then 0.05 ml of a 10-4 dilution of an overnight broth culture in Fildes broth was added to 0.05 ml of the diluted antibiotic in the microtiter plate. The plates were incubated overnight at 35 C. Minimal bactericidal concentrations (MBCs) were determined by plating 0.01 ml from each well to chocolate agar. Complete inhibition of growth was used as the end point, read after overnight incubation at 35 C in ambient air.
Studies for synergism. Killing curves were determined in Fildes broth, using as inoculum a 1:100 dilution of an overnight Fildes broth culture of the organism. The concentration of ampicillin in the mixture was 50 )zg/ml and that of methicillin, 10 
RESULTS
The results of the antimicrobial susceptibility tests are shown in Tables 1 and 2 . A high level resistance to ampicillin is demonstrated along with susceptibility to chloramphenicol.
Killing curves were done to detect any synergistic action of a methicillin-ampicillin combination (Fig. 1) . Methicillin alone decreased the number of viable H. inflzuenzae for 4 h, suggesting that a proportion of the population was susceptible, but after that time the count begins to increase. Ampicillin alone and the methicillin-ampicillin combination decreased the viable count at almost identical rates up until 8 h. After this time, the number of H. influenzae in the ampicillin-only flask began to increase, whereas the number in the combination continued to decrease.
Penicillinase activity of this strain is shown in Fig. 2 . Penicillin G and ampicillin were rapidly inactivated. Carbenicillin was also inactivated, albeit more slowly. Methicillin and cephalothin were stable for 90 min, after which cephalothin began to inactivate slowly. Control attempts were uniformly unsuccessful as was our attempt many passages and several months later to repeat the original experiment. The attempt to demonstrate transformation yielded negative results as did the attempt to reverse the ampicillin resistance of the organism by incorporating EDTA in subinhibitory concentrations in MIC titrations. The MIC remained at 100 ug/ml. DISCUSSION Our characterization of this strain of ampicillin-resistant H. influenzae type B correlates with other recent investigations. It is now clear that ampicillin resistance is mediated by the production of a beta-lactamase (7, 15) . Farrar and O'Dell have found that this beta-lactamase resembles those produced by other gram-negative bacilli (5) . The substrate profile reported by them and the one described in this paper are almost identical. Medeiros and O'Brien have further identified this enzyme as a TEM-type beta-lactamase (8) . Neu has shown that most high-level (1,000 ,.g/ml or greater) ampicillinresistant E. coli produce episomally mediated beta-lactamase and are not susceptible to the synergistic action of a penicillinase-resistant penicillin with ampicillin (9) . He has also shown that in those strains with low-level resistance (8 to 250 ,ug/ml) 78% are susceptible to penicillin synergy. It is interesting that this strain ofH. influenzae with an MIC of 100 ,ig/ 
